Background-The nature of the association between levels of physical activity and risk of heart failure is little known. We investigated nonlinear associations of total and leisure time physical activity with risk of heart failure. Methods and Results-In 1997, 39 805 persons without heart failure completed a questionnaire of lifestyle factors and medical history. We used Cox regression models to investigate total (adjusting for education and previous myocardial infarction) and direct (multivariable-adjusted) effects of self-reported total and leisure time physical activity on risk of heart failure of any cause and heart failure of nonischemic origin. Heart failure diagnoses were obtained until December 31, 2010. Higher leisure time physical activity was associated with lower risk of heart failure of any cause; hazard ratio of the total effect of leisure time physical activity was for fifth versus first quintile 0.54; 95% confidence interval was 0.44 to 0.66. The direct effect was similar. High total daily physical activity level was associated with lower risk of heart failure, although the effect was less pronounced than for leisure time physical activity (total effect hazard ratio, 0.81; 95% confidence interval, 0.69-0.95; fifth versus first quintile). A similar direct effect observed. Conclusions-Leisure time physical activity was inversely related to risk of developing heart failure in a dose-response fashion. This was reflected in a similar but less pronounced association of total physical activity with risk of heart failure. Only part of the effects appeared to be mediated by traditional risk factors. (Circ Heart Fail. 2014;7:701-708.)
C
ongestive heart failure, a common, disabling, and deadly disease, accounts for ≈2% of total healthcare costs in industrialized countries. 1, 2 The mortality within 5 years after diagnosis is 30% to 50%. [3] [4] [5] Improved survival after coronary artery disease (which can lead to ischemic heart failure), increased incidence of obesity, diabetes mellitus, and hypertension (which predispose to nonischemic heart failure), 6 a growing number of elderly, and better diagnostics have led to an increasing caseload of heart failure in developed countries. 7, 8 
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In contrast to the undisputed effects of physical activity on coronary heart disease, diabetes mellitus, obesity, and hypertension, 9 little is known about the effects of physical activity on risk of heart failure. Some studies have shown a beneficial effect of physical activity on heart failure, but the dose-response relationship of physical activity to risk of heart failure, and hence optimal levels of physical activity in that respect, is unknown. [10] [11] [12] [13] [14] Furthermore, potentially different effects of leisure time versus total physical activity on risk of heart failure, and potentially different effects of physical activity on ischemic versus nonischemic heart failure, are unknown.
We hypothesize that physical activity reduces the risk of heart failure and that the protective effect is stronger with higher intensity and frequency of physical activity. We also hypothesized that effects of total physical activity and leisure time activity may differ because work-related physical activity has lacked protective effects against cardiovascular disease in some studies. [15] [16] [17] We aimed to investigate nonlinear associations of physical activity with risk of heart failure of any cause and of nonischemic origin in a large prospective cohort study.
Methods Study Design, Setting, and Participants
We used data from the National March Cohort. In September 1997, the Swedish Cancer Society organized a nation-wide fund-raising event, the National March (Riksmarschen), with venues in ≈3600 Swedish cities and villages. Participants were invited to complete a 32-page questionnaire with detailed questions about physical activity, diet, medical history, and lifestyle factors. In total, 43 880 participants completed and returned the questionnaire, as described in detail previously. 18 We excluded participants who failed to state correct national registration numbers (unique personal identifiers necessary for follow-up through record linkages), reported clearly inconsistent answers, emigrated during follow-up, had a history of heart failure before baseline, or were aged <20 years at baseline ( Figure I in the Data Supplement for the full inclusion/exclusion procedure).
The total sample analyzed was 39 805 persons without previously diagnosed heart failure. In addition, we used a subsample of 39 212 persons without myocardial infarction before baseline for the analysis of the nonischemic heart failure outcome. Because of missing values in exposure variables, additional exposure-specific exclusions were performed during the model fitting ( Figure I in the Data Supplement). All participants gave informed consent to participation in the National March cohort research database and to record linkages with national registries. The study complies with the declaration of Helsinki and was approved by the Regional Ethics Review Board at Karolinska Institutet (ethical approvals KI 97-205, Stockholm EPN 2010/2063-32).
Baseline Data
All baseline information, except history of myocardial infarction, was self-reported through the questionnaire. Sex, treatment of hypertension, diabetes mellitus, and dyslipidaemia were recorded as binary variables. Height, weight, waist, and hip circumference were recorded on a continuous scale, and body mass index (BMI; kg/m 2 ) and waist-hip ratio were calculated. Smoking habits were classified into 2 variables (current smoker [daily smoking for the last 6 month] and numbers of pack-years), and alcohol habits were classified into 4 groups, based on quartiles of the alcohol intake distribution (grams per day). Participants who had taken snuff (smokeless tobacco) at least once a week since >6 months were classified as snuff users. Education level was categorized as 7 to 9 years, 10 to 12 years, and >12 years. History of myocardial infarction before baseline or during follow-up until the heart failure diagnosis was assessed through linkage with the Swedish National Inpatient Register (see below).
Exposure Variables

Leisure Time Physical Activity
At baseline, leisure time physical activity was estimated by the participants' self-reported average time spent on leisure time physical activities. We grouped the activities into 3 levels: light (eg, casual walking), moderate (eg, walking at a brisk speed, jogging, or swimming), and heavy (eg, vigorous training or competitive sport). The questions first addressed summer activities and were then repeated for the winter. Summer and winter activities were weighted equally. The reported time (in hours) was multiplied with estimated metabolic energy turnover (MET) expenditures for the activities (3 for light, 6 for moderate, and 10 for heavy).
Total Physical Activity
By using an Energy Expenditure Questionnaire (EEQ), we asked participants to evaluate physical activity during a typical 24 hour day and night (Figure II in the Data Supplement). The EEQ has 9 fixed steps representing different levels of MET. One MET hours (METh) corresponds to an energy expenditure of 3.5 mL O 2 ×kg −1 ×min −1 or 1 kcal/kg body weight per hour which is equal to the energy used by sitting quietly for 1 hour. To obtain the total energy expenditure expressed in METh/d, we multiplied MET values by the number of hours engaged in the particular activity level. If the total reported number of hours was not 24, we normalized by multiplying each level-specific time by 24 divided by the total number of hours. The EEQ has been validated. 19 
Follow-Up and Outcome Parameters
Accurate record linkages, using the national registration numbers as unique personal identifiers, provided information about hospitalization discharge diagnoses (from the Swedish National Patient Register); emigration (from the Swedish Population Register); and date of death (from the Swedish Cause of Death Register). Follow-up was from October 1, 1997, to December 31, 2010. We investigated associations of, respectively, total and leisure time physical activity with risk of heart failure of any cause and of nonischemic origin. Observations were censored at first episode of heart failure, death, or emigration. We used We considered hospitalizations with heart failure as both primary and secondary diagnosis for definition of the outcome. When studying nonischemic heart failure, only the subsample without myocardial infarction at baseline was considered for the statistical analysis. Follow-up was censored at time of myocardial infarction (if before diagnosis of heart failure).
Missing Data
About 78% of the participants completed the EEQ and 67% gave complete answers to the questions about leisure time physical activity. Among the covariates, the proportion of missing values was 11.5% for snuff use, 8.3% for smoking, 5.7% for lipid disturbance, 4.4% for BMI, 23.4% for waist-hip ratio, 4.0% for hypertension, 2.0% for education level, 0.6% for alcohol consumption, and 5.6% for diabetes mellitus. Assuming that missing values were missing at random, we used multiple imputation methods based on chained equations to impute missing values in exposure variables and covariates. 20 We specified imputation models to impute values simultaneously for physical activity, smoking, snuff and alcohol use, education, hypertension, diabetes mellitus, lipid disturbance, weight, and height. All other baseline variables were included in these models. For each imputation model, 5 complete imputations were obtained. The associations of physical activity and heart failure were estimated in each imputed data set, and the 5 estimates combined. For total physical activity, observations were excluded from analysis if (1) level-specific missing values were present on >6 of 9 questions of the EEQ; (2) the total time reported was <6 hours or >28; (3) they had missing values on >3 levels, and total time reported was <20 hours or >26; or (4) they reported an unrealistic total physical activity (<22.8 METh/d, equally to 12 hours sleep and 12 hours at lowest activity level; or >119.2 METh/d, equally to 8 hours of sleep and 8 hours at the 2 highest levels). In total, 3937 participants were excluded from the analysis of total daily physical activity and risk of any heart failure and 3850 from the analysis for nonischemic heart failure. Observations of leisure time physical activity were excluded only if participants presented missing values on all 6 variables needed. In total, we excluded 340 individuals from the analysis for leisure time physical activity and risk of any heart failure and 325 from the analysis for nonischemic heart failure.
Statistical Analysis
To reduce risk of potential bias, models were identified using directed acyclic graphs based on known risk factors of heart failure, drawn using the web-based application DAGitty (http://www.dagitty.net; Figure III in the Data Supplement). 21 To examine the relationship between different levels of physical activity and heart failure risk, Cox proportional hazards regression models were used (attained age used as time scale). Hazard ratios with 95% confidence intervals were estimated by maximizing the log partial likelihood. The appropriateness of the assumption of proportional hazards was investigated using the χ 2 test based on Schoenfeld residuals and by graphical inspection of the log of the cumulative hazard curves. For each exposure (total physical activity and leisure time activity), 3 models were investigated: (1) crude models adjusting for age and sex; (2) models for estimating total causal effects, adjusting for age, sex, education, and previous myocardial infarction; and (3) models for estimating direct causal effects, adjusting for age, sex, alcohol use, BMI, diabetes mellitus, hypertension, myocardial infarction during follow-up, previous myocardial infarction, smoking, snuff use, and waist-hip ratio. Separate models were fitted for both outcomes, for both exposures, and to the total sample and the subsample without history of myocardial infarction at baseline (the latter without the myocardial infarction covariates).
When testing the presence of a nonlinear association for total daily physical activity in the model with spline variables, the data did not support the hypothesis of a linear effect in the model for total effect (Wald test P<0.01), but the spline did not provide more information in the direct effect model (Wald test P=0.13). Evidence of a nonlinear trend was found for both total and direct effects of leisure time physical activity (Wald test P<0.01). Possible nonlinear associations of physical activity with incidence of heart failure were investigated using multivariable models including cubic regression splines with 4 knots (at percentiles 20, 40, 60, and 80) for leisure time physical activity and 5 knots (at percentile 5, 27.5, 50, 72.5, and 95) for total physical activity. When testing the presence of a nonlinear association for total daily physical activity in the model with spline variables, the data did not support the hypothesis of a linear effect in the model for total effect (Wald test P<0.01), but in the direct effect model, the departure from linearity was weaker (Wald test P=0. 13 ). Evidence of a nonlinear trend was found for both total and direct effects of leisure time physical activity (Wald test P<0.01). The chosen knots positions did not seem to have a strong impact on the shape of the curves. Evidence of dose-response relationships, U-shaped associations, or thresholds was sought in graphical representations of these analyses completed with spike plots presenting the distribution of physical activity among cases. Only observations between 1 and 99 percentiles were plotted. To reveal potential sex differences in the association of physical activity and heart failure, sex-specific analyses were done (Tables I-IV in the Data Supplement). To deal with potential reverse causation, a sensitivity analysis was performed. We excluded all participants with previous cardiovascular disease or participants who had experienced chest pain, palpitations, or breathlessness before inclusion and reanalyzed the data starting follow-up 2 years after baseline. All analyses were performed using Stata 12.1 (Stata Corporation, College Station, TX).
Results
Baseline characteristics are shown in Table 1 . Of 39 805 participants in the National March Cohort, 1545 (3.9%) had a first hospitalization because of heart failure of any cause during a median follow-up of 13.3 years (497 593 person-years at risk). In all, 5281 persons (13% of the sample) were censored before the end of the study. In 30% of these censored persons, the censoring was because of a heart failure diagnosis. In the subsample of 39 212 participants without a history of myocardial infarction before baseline, 1033 (2.63%) experienced nonischemic (without preceding or concurrent myocardial infarction) heart failure during 486 092 person-years at risk. Compared with participants who did not develop heart failure during follow-up, those who did were generally older, more often men, had lower level of education, higher BMI and waist-hip ratio, and had a higher prevalence of previous myocardial infarction, diabetes mellitus, hypertension, and lipid disturbances.
Leisure Time Physical Activity
Median leisure time physical activity was 2.6 METh/d (interquartile range, 1.3-4.1). Crude models showed lower rates of heart failure of any cause with increasing level of leisure time physical activity ( Table 2 ). The total effect was similar, and the direct effect slightly smaller. For nonischemic heart failure, the crude, total, and direct effects of leisure time physical activity were similar to those seen for heart failure of any cause (Table 2 ). Spline models indicated a diminishing risk of heart failure with increasing leisure time physical activity up to ≈3 METh/d (equals the 3 highest quintiles), above which the curve leveled off (Figure) . Similar results were observed among participants without previous cardiovascular disease or cardinal symptoms of heart disease (Table V and Figure IV in the Data Supplement). Sex-specific analyses (Tables I and  II in the Data Supplement) showed that female participants generally needed lower amount of daily leisure time activity than men to gain a protective effect on heart failure. The effect was similar on heart failure of any cause and heart failure of nonischemic cause.
Total Physical Activity
Median total physical activity was 36.1 METh/d (interquartile range, 31.3-45.6). Crude models for heart failure of any cause showed a lower risk of heart failure from the first to the second quintile of total physical activity level. No further effect was seen in the following quintiles (Table 3 ). Total effects were of similar magnitude, but the direct effect was considerably attenuated. For nonischemic heart failure the crude and total effect models showed a lower risk of heart failure in the second to fourth quintiles compared with the first quintile but a smaller effect in the fifth quintile. The direct effect was attenuated (Table 3 ). Spline models confirmed the highest incidence of heart failure among those with low total physical activity (<30 METh/d). Above 30 METh/d, the curve leveled off (Figure) . In participants without previous cardiovascular disease or cardinal symptoms of heart disease, no substantial association of total physical activity with risk of heart failure was observed (Table VI and Figure IV in the Data Supplement). Sex-specific analyses (Table III and IV in the Data Supplement) showed similar patterns in both female and male participants.
Discussion
We observed a considerable inverse dose-response association of leisure time physical activity with risk of heart failure of any cause and of nonischemic origin. These results were consistent after adjusting for a large number of known potential confounding factors. The effect of total physical activity was smaller, with a higher risk among the most inactive and a lower but similar risk at all other activity levels. Spline plots showed an inverse dose-response association of leisure time physical activity with heart failure risk in the interval 0 to 3 METh/d but with little additional effect >3 METh/d. The World Health Organization recommends ≥150 minutes of physical activity of moderate intensity per week (3-6 MET) or 75 minutes of physical activity of vigorous intensity (>6 MET) per week for adults, which equals 1.1 to 2.1 METh/d. Additional health benefits are postulated by doubling the amount of physical activity. The present study supports these recommendations in relation to risk of heart failure.
The association of physical activity with risk of developing heart failure has only been sparsely investigated, but 4 cohort studies all report lower risk with increasing levels of physical activity. The risk reduction is proposed to be independent of BMI, waist-hip ratio, waist circumference, hypertension, and coronary heart disease. [10] [11] [12] [13] [14] Further, a study relating different types of physical activity to risk of heart failure found similar apparent protection by leisure time physical activity, occupational physical activity, and commuting physical activity.
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These studies use different assessments of physical activity, but all show benefits of high versus low physical activity on the risk of heart failure of the same magnitude as the present study. Interestingly, associations of high physical activity with lower risk of heart failure were recently shown to be similar for both heart failure with preserved and reduced ejection fraction, 14 which is in line with the similar associations of leisure time physical activity with nonischemic and all-cause heart failure in the present study. Our study differs from the previous studies by its detailed assessment of the intensity of both total physical activity and leisure time physical activity. This allowed us to investigate nonlinear dose-response relationships of physical activity with risk of heart failure and dose-response relationships. Further, the present study differs from previous studies by assessing heart failure of both any and nonischemic cause.
Strengths of the study include the prospectively recorded exposure information, permitting adjustment for several important potential confounders; the large sample size; and the use of national registries, minimizing attrition. The validated and reliable, 19 energy expenditure questionnaire represents an important addition to the literature because it captures the intensity of the total physical activity and allows for calculation of METh. Some limitations should be mentioned. The Swedish Inpatient Registry only includes patients with advanced disease that requires hospitalization and hence the applicability of these results to earlier stages of heart failure is unknown. The present study is based on self-reported estimates of physical activity and covariates, which tends to lead to random misclassification. This imprecision could lead to nondifferential misclassification and bias toward the null and thus higher risk of type II errors and residual confounding. However, evidence around such misclassification is limited, and it is possible that the use of self-reported physical activity could lead to systemic bias. By only assessing habitual physical activity at baseline, we did not account for participants' potentially changing physical activity over time. Such changes could be related to prognosis after an induction period of up to a decade 22 and would likely lead to random misclassification and bias toward the null in the present study. Furthermore, we cannot exclude that participants were more health conscious than nonparticipants. The latter is supported by an exceptionally low smoking prevalence (7.8%) compared with 21% in the population (year 1997). 23 Physical activity reduces the risk of important risk factors for heart failure such as hypertension, ischemic heart disease, diabetes mellitus, and obesity. 6, 16, 17, [24] [25] [26] [27] [28] [29] One possible interpretation of the present study results is that the protective effects of higher physical activity on heart failure risk are mediated by lower levels of these risk factors. However, after adjusting for these risk factors, we still find a substantial effect of physical activity on heart failure risk. This suggests that although parts of the total effect of physical activity go via these pathways, a major direct-or hitherto unexplained-effect of physical activity on the risk of heart failure also exists. This interpretation is, however, limited by the fact that all risk factors in this study were self-reported, with a considerable risk of misclassification and hence low precision.
The differences between total and leisure time physical activity merit discussion. Leisure time physical activitywhich is mostly endurance exercise, leading to a reduction of systemic vascular resistance-might be more protective than work-related physical activity which mostly is of a resistance training character (eg, heavy lifting). Work-related activity, picked up by the total physical activity measure in this study, might partly explain the differences between leisure time and total activity observed. Another possible explanation for the differences between leisure time and total activity is confounding by health-seeking behavior. Health conscious people may either engage more in leisure time physical activity or may overestimate their leisure time activity but may be protected against heart failure through other effects of their healthseeking behavior. The difference in results between the measures would occur if the reporting of total activity were less affected by health consciousness. This potential confounding is handled by adjustment for education level, but residual confounding may exist. A third alternative explanation is that total physical activity is more difficult to intellectualize, thus significantly adding to the unavoidable misclassification of exposure. Further, we only had access to data on highest education; data on socioeconomic status would probably have strengthened the analysis.
Conclusions
Among 39 805 persons, leisure time physical activity was inversely related to risk of developing heart failure. A doseresponse association was observed, with decreasing risk with increasing level of leisure time physical activity, but with little additional benefit observed >3 METh/d. This corresponds well with general recommendations of ≥150 minutes moderate intensity physical activity per week. Most of the effect was direct, with little observed mediation by other investigated risk factors. Total physical activity was also inversely related to risk of developing heart failure. The largest risk reduction was between those with low physical activity and physically inactive, with little additional effect of higher physical activity level. Hazard ratios with 95% confidence interval. METh indicates metabolic energy turnover hours. *Adjusted for age, sex, education, and previous myocardial infarction. †Adjusted for age, sex, alcohol use, body mass index, diabetes mellitus, hypertension, myocardial infarction during follow-up, previous myocardial infarction, smoking, snuff use, and waist-hip ratio.
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